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Description 

FIELD OF THE INVENTION 

5 [0001] The present invention relates to t-PA mutants that are resistant to inhibition by their cognate inhibitors, and 
genes that encode the same. The t-PA mutants are useful as : e.g., pharmacological agents. 

BACKGROUND OF THE INVENTION 

io |. Serine Proteases 

[0002] Serine proteases (E.C. 3.4.21) are the sub-sub class of endopeptidases that use serine as the nucleophile 
in peptide bond cleavage (Barrett, A.J., In: Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 
3-22 (1986); and Hartley, B.S., Ann. Rev. Biochem. , 29:45-72(1960)). 

is [0003] Serine proteases are well known in the art and two superfamilies of serine proteases, i.e., the chymotrypsin 
superfamily and the Streptomyces subtilisin superfamity, have been observed to date (Barrett, A.J., ]n: Proteinase 
Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 3-22 (1986); and James : M.N.G., ]n: Proteolysis and 
Physiological Regulation, Ed. Ribbons, D.W. et al, Academic Press, New York, pages 125-142 (1976)). 
[0004] Examples of serine proteases of the chymotrypsin superfamily include tissue-type plasminogen activator 

20 (hereinafter "t-PA"), trypsin, trypsin-like protease, chymotrypsin, plasmin, elastase, urokinase (or urinary-type plas- 
minogen activator (hereinafter "u-PA")), acrosin, activated protein C, CI esterase, cathepsin G, chymase and proteases 
of the blood coagulation cascade including kallikrein, thrombin, and Factors Vila, IXa, Xa, Xla and Xlla (Barrett, A.J., 
In: Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 3-22 (1986); Strassburger W. et al, FEBS 
Lett. , 157:219-223 (1983); Dayhoft, MO., Atlas of Protein Sequence and Structure, Vol. 5 ; National Biomedical Re- 

25 search Foundation, Silver Spring, Maryland (1 972); and Rosenberg, R.D. et al, Hosp. Prac , 21 :1 31 -1 37 (1 986)). 

[0005] Some of the serine proteases of the chymotrypsin superfamily, including t-PA, plasmin : u-PA and the proteases 
of the blood coagulation cascade, are large molecules that contain, in addition to the serine protease catalytic domain, 
other structural domains responsible in part for regulation of their activity (Barrett, A.J., Jn: Proteinase Inhibitors, Ed. 
Barrett, A.J. et al, Elsevier, Amsterdam, pages 3-22 (1986); Gerard, R.D. et al, Mol. Biol. Med., 3:449-457 (1986); and 

30 Blasi, F. et al, In: Human Genes and Diseases, Ed. Blasi, F., John Wiley & Sons, Ltd., pages 377-414 (1986)). 

[0006] The catalytic domains of all of the serine proteases of the chymotrypsin superfamily have both sequence 
homology and structural homology. The sequence homology includes the total conservation of: 

(i) the characteristic active site residues (e.g., Ser l9S , His 57 and Asp l02 in the case of trypsin); 
35 (jj) the oxyanion hole (e.g., Gly 193 , Asp 194 in the case of trypsin); and 

(iii) the cysteine residues that form disulfide bridges in the structure (Hartley, B.S., Symp . Soc . Gen. Microbiol. , 
24:152-182 (1974)). 

The structural homology includes: 

40 

(i) the common fold that consists of two Greek key structures (Richardson, J , Adv. Prot. Chem. , 34 : 1 67-339 (1 981 )); 

(ii) a common disposition of catalytic residues; and 

(iii) detailed preservation of the structure within the core of the molecule (Stroud, R.M., Sci. Am., 231 :24-88 (1974)). 

45 [0007] A comparison of the sequences of the members of the chymotrypsin superfamily reveals the presence of 
insertions or deletions of amino acids within the catalytic domains (see 1or example, Figure 1). In all cases, these 
insertions or deletions map to the surface of the folded molecule and thus do not effect the basic structure of the 
molecule (Strassburger, W. et al, FEBS Lett. , 157:219-223 (1983)). 

so ||. Serine Protease Inhibitors 

[0008] Serine protease inhibitors are well known in the art and are divided into the following families: (i) the bovine 
pancreatic trypsin inhibitor (Kunrtz) family, also known as basic protease inhibitor (Ketcham, L.K. et al, jn: Atlas of 
Protein Sequence and Structure, Ed. Dayhoff. M.O., pages 131-143 (197B) (hereinafter "BPTI"), (ii) the Kazal family, 
55 (jjj) the Streptomyces subtilisin inhibitor family (hereinafter "SSI"), (iv) the serpin family (v) the soybean trypsin inhibitor 
(Kunitz) family, (vi)the potato inhibitor family, and (vii) the Bowman-Birk family (Laskowski, M. et al, Ann. Rev. Biochem., 
49:593-626 (I960); Read, R.J. et al, |n: Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier Amsterdam, pages 
301-336 (1986); and Laskowski, M. et al, Cold Spring Harbor Symp Quant Biol., LII:545-553 (19B7)). 
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[0009] Crystallographic data are available for a number of intact inhibitors including members of the BPTI, Kazal, 
SSI, soybean trypsin and potato inhibitor families, and for a cleaved form of the serpin alpha-1 -antitrypsin (Read, R.J. 
et al, ]n: Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (19B6)). Despite the fact 
that these serine protease inhibitors are proteins of diverse size and sequence, the intact inhibitors studied to date all 

5 have in common a characteristic loop extending from the surface of the molecule that contains the recognition sequence 
for the active site of the cognate serine protease (Levin, E.G. et al, Proc. Natl. Acad. Sci. USA , 80:6604-6808 (1983)). 
The structural similarity of the loops in the different serine protease inhibitors is remarkable (Papamokos, E. et al, J. 
Mol. Biol., 158:515-537 (1982)). Outside of the active site loop, the serine protease inhibitors of different families are 
generally unrelated structurally, although the Kazal family and Streptomyces subtilisin family of inhibitors display some 

to structural and sequence similarity. 

[0010] Many of the serine protease inhibitors have a broad specificity and are able to inhibit both the chymotrypsin 
superfamily of proteases, including the blood coagulation serine proteases, and the Streptomyces subtilisin superfamily 
of serine proteases (Laskowski, M. et al, Ann. Rev Biochem., 49:593-626 (1980)). The specificity of each inhibitor is 
thought to be determined primarily by the identity of the amino acid that is immediately amino-terminal to the site of 

is potential cleavage of the inhibitor by the serine protease. This amino acid, known as the P-, site residue, is thought to 
form an acyl bond with the serine in the active site of the serine protease (Laskowski, M. et al, Ann. Rev . Biochem. , 
49:593-626(1980)). 



A. The BPTI Family 

20 

[0011] Serine protease inhibitors belonging to the BPTI family include BPTI, snake venom inhibitor, inter-alpha in- 
hibitor, and the A4 amyloid precursor A4695 (Laskowski, M. et al, Ann. Rev. Biochem., 49:593-626 (1980); Read, R. 
J. et al, In: Proteinase Inhibitors , Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (1986); and Ponte ; P. et 
al, Nature, 331 :525-527 (1988)). Examples of serine proteases and their cognate BPTI family inhibitors are listed in 
2S Table I below. 



Table I 



Serine Protease 


Cognate BPTI Inhibitor 


Trypsin 
(Unknown) 


BPTI Snaka venom inhibitor Inter-alpha inhibitor 
A4 amyloid precursor A4695 protease nexin II 



B. The Kazal Family 

35 

[001 2] Serine protease inhibitors belonging to the Kazal family include pancreatic secretory inhibitor ovomucoid and 
seminal plasma acrosin inhibitor (Laskowski, M. et al, Ann. Rev. Biochem., 49:593-626 (1980); Read, R.J. et al, jn: 
Proteinase Inhibitors , Ed. Barrett, A.J. et al : Elsevier, Amsterdam, pages 301-336 (1986); and Laskowski, M. et al ; 
Cold Spring Harbor Symp. Quant. Biol., LM:545-553 (1987)). Examples of serine proteases and their cognate Kazal 
40 family inhibitors are listed in Table II below. 



Table II 



Serine Protease 


Cognate Kazal Inhibitor 


Trypsin 
Acrosin 


Pancreatic secretory inhibitor Ovomucoid Seminal plasma acrosin inhibitor 
Ovomucoid Seminal plasma acrosin inhibitor 



C. The Streptomyces Subtilisin Inhibitor 

so 

[001 3] Serine protease inhibitors belonging to the Streptomyces subtilisin inhibitor family include inhibitors obtained 
from Streptomyces albogriseolus and plasminostreptin (Laskowski, M. et al, Ann. Rev. Biochem. , 49:593-626 (1980)). 
Examples of serine proteases and their cognate Streptomyces subtilisin class inhibitors are listed in Table III below. 

55 
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Table 111 



D. The Serpin Family 



Serine Protease 


Cognate SSI Inhibitor 


Subtilisin BPN' 

Plasmin 

Trypsin 


Streptomvces alboqriseolus inhibitor 

Plasminostreptin 

Plasminostreptin 



75 



20 



[0014] Serine protease inhibitors belonging to the serpin family include the plasminogen activator inhibitors PAM 
PAI-2 and PAI-3, CI esterase inhibitor, aipha-2-antiplasmin ; contrapsin, alpha-1 -antitrypsin, antithrombin III, protease 
nexin I, alpha-1 -antichymotrypsin, protein C inhibitor, heparin cofactor II and growth hormone regulated protein (Carrell 
R.W. et al, Cold Spring Harbor Symp. Quant, BioL, 52:527-535 (1987); Sommer, J. et al, Biochem . 26 6407-6410 
(1987); Suzuki, K. et al, J. BjoL Chem , 262:611 -616 (1987); and Stump, D.C. el al, J. Biol. Chem. , 261 12759-12766 

(1986) ). 

[0015] The inhibition of serine proteases by serpins has been reviewed in Travis, J. et al. Ann. Rev. Biochem 52- 
655-709 (1983); Carrell, R.W. et al, Trends Biochem. ScL 10:20-?* n qrsv Sprengers, E.D. et al, Blood , 69 381-387 

(1987) ; and Proteinase Inhibitors. Ed. Barrett, A.J. et al, Elsevier, Amsterdam (1986). 

[0016] Examples of serine proteases and their cognate serpin inhibitors are listed in Table IV below. 



Table IV 



25 



30 



35 



40 



45 



50 



55 



Serine protease 


Cognate Serpin Inhibitor ~\ 


Activated protein C 


Protein C inhibitor PAM | 


CI esterase 


CI esterase inhibitor I 


Cathepsin G 


Alpha-1 -antitrypsin 
Alpha-1 -antichymotrypsin 


Chymase 


Alpha-1 -antichymotrypsin | 


Chymotrypsin 


Alpha- 1 -antichymotrypsin 
Alpha-2-antiplasmin Contrapsin 


Coagulation factors (Vila, IXa, Xa, Xla, XI la) 


Antithrombin III 

CI esterase inhibitor j 


Elastase 


Alpha-1 -antitrypsin 


Kallikrein 


CI esterase inhibitor Alpha-1 -antitrypsin 


Plasmin 


Alpha-2-antiplasmin 


Thrombin 


Antithrombin III Heparin cofactor II 


t-PA 


PAI-1, PAI-2, PAI-3 


Trypsin 


Alpha-1 -antitrypsin Growth hormone regulated protein 


Trypsin -I ike protease 


Protease nexin I 
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Table IV (continued) 



Serine protease 


Cognate Serpin Inhibitor 


u-PA 


PAI-1, PAI-2, PAI-3 



E. The Soybean Trypsin Inhibitor Family 

[0017] A single example of the soybean trypsin inhibitor family, purified from soybeans, has been sequenced. Its 
complex with bovine pancreatic trypsin has been studied (Sweet, R,M. et al, Biochem. , J3:421 4-4228 (1 974)). 

F. The Potato Inhibitor Family 

[0018] Serine protease inhibitors belonging to the potato inhibitor family include inhibitors from potatoes, barley and 
leeches (Read, R.J. et al ; In: Proteinase Inhibitors , Ed. Barrett, A.J. etal, Elsevier, Amsterdam, pages 301 -336 (1986)). 
Examples of serine proteases and their potato inhibitors are listed in Table V below. 



Table V 



Serine Protease 


Potato Inhibitor 


Chymotrypsin 
Subtilisin Novo 
Subtilisin Carlsbera 


Barley chymotrypsin inhibitor 
Barley chymotrypsin inhibitor 
Leech inhibitor eglin 



G. The Bowman-Birk Inhibitor Family 

[0019] Serine protease inhibitors belonging to the Bowman-Birk inhibitor family include homologous proteins from 
legumes (Laskowski, M. et al, Ann. Rev Biochem. , 49:593-626 (1980)). Examples of serine proteases and their Bow- 
man-Birk inhibitors are listed in Table VI below. 



Table VI 



Serine Protease 


Bowman-Birk Inhibitor 


Trypsin 

Elastase 

Chymotrypsin 


Lima bean inhibitor IV 
Garden bean inhibitor 
Adzuki bean inhibitor II 



III. Serine Protease-lnhibitor Complexes 

[0020] Serine protease inhibitors of all families form stable 1 : 1 complexes with their cognate serine proteases. These 
complexes dissociate only slowly (hours to days) (Laskowski, M. et al, Ann. Rev. Biochem. , 49:593-626 (1 980); and 
Levin, E.G., Proc. Natl. Acad. Sci. USA, 60:6804-6806 (1983)). For all serine protease inhibitors, except the serpins, 
the dissociation products are a mixture of the intact and cleaved inhibitor molecules. On the other hand, since disso- 
ciation of serine protease-serpin complexes appears to yield only cleaved inhibitor molecules, serpins are thought to 
utilize a mechanism somewhat distinct from that of the other serine protease inhibitors. 

[0021] Structural data are available for several serine protease-inhibitor complexes, including trypsin-BPTI, chymo- 
trysin -ovomucoid inhibitor chymotrypsin-potato inhibitor, and Streptomyces subtilisin -Streptomyces subtilisin inhibitor 
(Read, R.J. et al, In: Proteinase Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 301-336 (1986)). Exam- 
ination of these structures reveals remarkable similarities in the specific interactions between each inhibitor and its 
cognate serine protease, despite the diverse sequences of the inhibitors. This structural similarity has suggested in 
the present invention that even when crystal structures are not available, it may be possible to predict the amino acid 
interactions occurring between an inhibitor and its cognate serine protease. 

[0022] As discussed above, the inhibitors contain a reactive center that serves as a competitive substrate for the 
active site of the serine protease. Attack on the peptide bond between the P^P/ residues of the reactive center (e.g., 
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Ar 9346" Net 347 in the case ot PAI-1) does not lead to the normal, rapid dissociation of the products from the serine 
protease but, rather, to the establishment of a stable serine protease-inhibitor complex, probably by formation of a 
covalent bond between the serine of the active site of the protease and the P 1 residue of the inhibitor (Laskowski, M. 
et al, Ann. Rev. Biochem. , 49:593-626 {1 980)). This mechanism indicates that the reactive center of an inhibitor, such 
5 as PAI-1 , must fit tightly and precisely into the active she of the serine protease. However, to date, there are no X-ray 
crystallographic data on PAI-1 , its cognate serine protease, t-PA, or the t-PA/PAM complex. Thus, the exact nature of 
the interactions between this pair of proteins is unknown. There is a similar lack of structural information about other 
serpins or serpin-serine protease complexes. 

IV. Utility of Serine Proteases 

[0023] A particularly important serine protease of the chymotrypsin superfamily is t-PA. t-PA is currently being used, 
via intracoronary or intravenous administration, to treat myocardial infarction, pulmonary embolism, and deep venous 
thrombosis, although it does not work directly to dissolve thrombi (blood clots). Rather, t-PA promotes cleavage of the 

ts peptide bond between Arg 560 and Val 56l of plasminogen (Robbins, K.C. et al, J. Biol. Chem., 242 :2333-2342 (1967)), 
thereby converting the inactive zymogen into the powerful but non-specific protease, plasmin, which then degrades 
the fibrin mesh work of the blood clot (Bachmann, F. et al, Semin. Throm. Haemost. , 43:77-89 (1984); Gerard, R.D. et 
al, Mol . Biol. Med ., 3:449-557 (19B6); and Verstraete, M. et al, Blood, 67:1529-1541 (1986)). t-PA produces local fibri- 
nolysis without necessarily depleting systemic fibrinogen. This is because t-PA has the ability to bind directly to fibrin, 

20 forming a fibrin-t-PA complex whose affinity for plasminogen is increased approximately 500 fold (Ranby, M. et al, 
Biochim. Biophys . Acta , 704:461-469 (1982); and Rijken, D.C. et al, J. Biol. Chem., 257 :2920-2925 (1982)). Thus, 
binding of intravenously-administered t-PA to coronary thrombi, where plasminogen is also present in high concentra- 
tion (Wiman, B. et al, Nature, 272 :549-550 (1978)), results in efficient production of plasmin at the site of the thrombus 
where it will do the most good. 

25 [0024] At present, t-PA is administered in the form of an initial bolus that is followed by sustained infusion. The total 
amount of enzyme administered during a standard 3 hour treatment is generally about 50-100 mg. Such large amounts 
are apparently required for two reasons: first, to counterbalance the effects of rapid clearance of t-PA from the circulation 
by hepatic cells (Krause, J., Fibrinolysis, 2: 1 33-142 (19BB)), and second, to overcome the effects of comparatively high 
concentrations of serine protease inhibitors that are present in plasma and platelets (Carrell, R.W. et al, ]n: Proteinase 

30 Inhibitors, Ed. Barrett, A.J. et al, Elsevier, Amsterdam, pages 403-420 (1986)). 

[0025] The major physiological inhibitor of t-PA is the serpin, PAI-1, a glycoprotein of approximately 50 kd (Panne- 
koek, H. et al, EMBO J., 5:2539-2544 (19B6); Ginsberg, D. et al, J. Clin. Invest. , 78:1 673-1 6B0 (19B0); and Carrell, R. 
W. et al, In: Proteinase Inhibitors , Ed. Barrett, A.J. et a!, Elsevier, Amsterdam, pages 403-420 (1986)). PAI-1 has been 
implicated as the cause of reduced fibrinolytic capacity of plasma from survivors of myocardial infarctions (Hamsten, 

35 A. et al, New Eng. J. Med. , 313:1557-1563 (19B5)). In addition, PAI-1 is an acute phase reactant and the elevated 
levels associated with myocardial infarction may attenuate the fibrinolytic activity of substantial amounts of the t-PA 
remaining in the plasma after therapeutic infusion of the t-PA (Lucore, C. L. et al, Circ, 77:660-669 (1 988)). The second- 
order rate constant for association of PAI-1 with t-PA is extremely high (Hekman, C. et al, Arch. Biochem. Biophys. , 
262:199-210 (19B8)) and accounts for the initial, "fast-phase" inhibition of t-PA by human plasma (Colucci, M. et al, J. 

40 Lab. Clin. Med ., j[08:53-59 (1986)). The rapid neutralization of t-PA by PAI-1 in vivo, may therefore contribute to coT- 
onary restenosis after thrombolytic therapy, a complication that affects between 10% and 35% of patients treated lor 
acute myocardial infarction (Chesebro, J.H. et al, Circ., 76:142-154 (1987)). 

[0026] Although the association constants of other serpins, such as CI esterase inhibitor and alpha-2-antiplasmin, 
with t-PA are orders of magnitude lower than that of PAI-1 (Ranby, M. et al, Throm. Res., 27:175-183 (1982); and 
45 Hekman, C. et al, Arch. Biochem. Biophys. , 262:199-210 (1988)), these serpins nevertheless bind to infused t-PA 
(Lucore, C.L. et al, Circ , 77:660-669 (1988)) and may attenuate the beneficial pharmacological properties of t-PA. 
[0027] Besides t-PA and PAI-1 , many other serine protease-serpin pairs are of great medical importance. For example 
u-PA, like t-PA, is useful in the treatment of myocardial infarction and is subject to inhibition by the same serine protease 
inhibitors as t-PA. 

so [0028] Thrombin, the serine protease used topically to promote blood clotting of wounds, is a procoagulant. Its cog- 
nate serpin, antithrombin III, is an anti-coagulant that specifically inhibits a number of serine proteases that participate 
in the blood coagulation cascade, including thrombin and Factors IXa, Xa, Xla and Xlla (Heimburger N. et al, jn: 
Proceedings of the International Research Conference on Proteinase Inhibitors, Ed. Fritz, H. et al, Walter de Gruyter, 
New York, pages 1-22 (1971); Kurachi, K. et al, Biochem., 15:373-377 (1976); Kurachi, K. etal, Biochem. , 16:5831-5839 

55 (1977); and Osterud, B. et al, Semin. Thromb. Haemost. , 35:295-305 (1976)). Antithrombin III has been used thera- 
peutically to treat disseminated intravascular coagulation. The activation of protein C by thrombin results in the self- 
limitation of the blood coagulation process because activated protein C inactivates coagulation factors va and Villa, 
and is itself inhibited by its cognate serpin, protein C inhibitor. 
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[0029] Kallikrein, which functions to induce uterine contraction, to increase vascular permeability, and to initiate the 
intrinsic pathway of blood coagulation, is subject to inhibition by the serpin alpha-1 -antitrypsin, one of the more important 
serpins. 

[0030] Alpha-1 -antitrypsin also inhibits leukocyte elastase and cathepsin, as well as trypsin, chymotrypsin and plas- 
s min (Heimburger, N. et al, jn: Proceedings of the International Research Conference on Proteinase Inhibitors, Ed. Fritz, 
H. et at, Walter de Gruyter, New York, pages 1-47 (1971); Janoff, A., Am. Rev. Resp. Pis ., J_05:121-127 (1972); and 
Ohlsson, K. et al, Eur. J. Biochem. , 36 :473-4B1 (1973)). The genetic deficiency of alpha-1 -antitrypsin is directly related 
to emphysema (Carrell, R.W. et al, Trends Biochem. Sci ., 1 0:20-24 (1 985)) and alpha-1 -antitrypsin replacement therapy 
has been used to treat emphysema (Marx : J.L., Science, 243 :315-316 (1989)). 
io [0031] WO 90/02798 published 22 March 1 990 describes 1-PA mutants with substitutions of arginine at position 298 
or 299 with alanine and disclaims certain t-PA mutants in the 296-302 region of t-PA. 

SUMMARY OF THE INVENTION 

is [0032] Accordingly, an object of the present invention is to improve t-PA, by protein engineering, so as to increase 
its resistance to inhibition by its cognate inhibitor. 

[0033] Another object of the present invention is to provide genes encoding improved t-PA. 
BRIEF DESCRIPTION OF THE DRAWINGS 

20 

[0034] Figure 1 shows a comparison of the sequences of various serine proteases of the chymotrypsin superfamily. 
The sequences are aligned so as to demonstrate overlap of conserved amino acids. The numbers above trypsin refer 
to the numbering system used in the PDB3ptp.ent entry in the Protein Data Bank. The numbers above t-PA refer to 
the amino acids in the mature t-PA molecule. 

2s [0035] Figure 2 shows a comparison of the sequences of various members of the serpin family of serine protease 
inhibitors. The sequences are aligned so as to demonstrate overlap of conserved amino acids. The numbers below 
alpha-1 -antitrypsin and the numbers above PAI-1 refer to amino acid residues in the mature molecules. 
[0036] Figure 3 schematically illustrates the construction of the vectors employed to mutate and express the wild- 
type t-PA and the serpin-resistant mutants of t-PA. 

30 [0037] Figure 4 shows a comparison of the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an 
indirect chromogenic assay. In Figure 4, □ represents wild-type t-PA, o represents t-PA(R 304 ->S), □ represents t-PA 
(R 304 ->E), and • represents t-PA(Del 296 . 302 ). 

[0038] Figure 5 shows the effect of PAI-1 on the activities of wild-type t-PA and serpin-resistant mutants of t-PA in 
an indirect chromogenic assay. In Figure 5, ■ represents wild-type t-PA, o represents t-PA(R 304 ->S) : □ represents t- 

35 PA(R 304 ->E), and • represents t-PA(Del 296 . 302 ). 

[0039] Figure 6 shows a comparison of the activities of wild-type t-PA and serpin-resistant mutants of t-PA in an 
indirect chromogenic assay. In Figure 6, □ represents t-PA(H 2 97->Y), • represents wild-type t-PA, + represents t-PA 
(K 2 9 6 ->E), ■ represents the triple mutant t-PA(K 296 , R298» F! 299 ->E, E, E), ▲ represents t-PA(R 299 ->E), A represents t- 
PA(R29 6 ->E) and o represents t-PA(P 301 ->G). 

40 [0040] Figure 7 shows the effect of PAI-1 on the activities of wild-type t-PA and serpin-resistant mutants of t-PA in 
an indirect chromogenic assay. In Figure 7, □ represents t-PA(H 297 ->Y), • represents wild-type t-PA, + represents t- 
PA ( K 296 _> ^)' B represents t-PA(K 2g6> R 2ge , R29g->E, E, E), A represents t-PA(R 299 ->E), A represents t-PA(R 298 ->E) 
and o represents t-PA(P 301 ->G). 

[0041] Figure 8 schematically illustrates the construction of the vectors employed to mutagenize and express the 
45 wild-type PAI-1 and the mutants of PAI-1. 

DETAILED DESCRIPTION OF THE INVENTION 

[0042] According to the invention there is provided a t-PA mutant which is resistant to inhibition by its cognate inhibitor 
so wherein in said t-PA mutant at least one of the basic amino acid at position 298 of human 1-PA and the basic amino 
acid at position 299 of human t-PA has been replaced by an acidic or neutral amino acid. 

[0043] In said t-PA mutant the basic amino acid at position 296 of human t-PA may also be replaced by an acidic or 
neutral amino acid. 

[0044] I n said mutant the basic amino acid at each of positions 296, 297, 298 and 299 of human 1-PA may be replaced 
ss by an acidic or neutral amino acid. 

[0045] The cognate inhibitor can be selected om PAI-1 , PAI-2 and PAI-3. 

[0046] According to the invention there is also provided a gene encoding a t-PA mutant of the invention. 

[0047] According to the invention there is provided a method for obtaining a t-PA mutant which is resistant to inhibition 



8 



BP 0 462 207 B1 



by its cognate inhibitor comprising: 

(A) culturing a host cell with DNA comprising a gene of the invention and 

(B) isolating the resulting t-PA mutant. 

5 

[0048] According to the invention there is further provided a method for providing a t-PA mutant of the invention 
comprising: 

(A) obtaining a t-PA mutant wherein at least one of the basic amino acid at position 298 of human t-PA and the 
io basic amino acid at position 299 of human (t-PA has been replaced by an acidic or neutral amino acid; and 

(B) screening for a t-PA mutant which is resistant to inhibition by its cognate inhibitor. 

[0049] According to the invention there is provided E. coli pS VT(R1 -)/t-PA(R 298 -^E) [DH-1] having ATCC deposit No 
68157 or 



75 



20 



E. coli pSTE/t-PA (R 299 ->E) [DH-1] having ATCC deposit No. 68154, or 

E. coli pSTE/t-PA (K 296; R 298 , R 299 ->E,E,E) [DH-1] having ATCC deposit No. 68153 

[0050] According to the invention there is provided 



Plasmid pSVT7(Rl*)/t-PA(R 298 -»E) present in E. coli microorganism pSTV7(RV)/t-PA (R 298 ->E) [DH-1] having 
ATCC deposit No. 68157 or 

plasmid pSTEA-PA (R^g-^E) present in E. coli microorganism pSTE/t-PA (R 299 ^E) [DH-1] having ATCC deposit 
No. 68154 or 

25 plasmid pSTE/t-PA (K 296 , R 298 , R 299 ->E,E,E) present in E. coli microorganism pSTEA-PA (K 296 . ^298- Ft299-* E . E . 

E) [DH-1] having ATCC deposit No. 68153 

[0051] All known serine protease inhibitors are structurally homologous in their reactive center loop and form similar 
interactions with their cognate serine proteases (Read, RJ. et al : ]n: Proteinase Inhibitors, Ed. Barrett, A.J. et al, 

30 Elsevier, Amsterdam, pages 301-336 (1986)). The structural correspondences between serine proteases and serine 
protease inhibitors can be used to build models of complexes that have not been studied heretofor. 
[0052] Because of the high degree of structural homology between the catalytic domain of t-PA and other serine 
proteases (Blundell, T et al, Nature, 326 :347-352 (1987)), it was postulated in the present invention that the known 
structure of the complex between trypsin and BPTI (Huber, R. et al, J. Moj. Biol. , 89:73-101 (1974)); and Bode, W. et 

55 a', in: Proteolysis and Physiological Regulation, Academic Press, New York, pages 43-76 (1976)) might serve as a 
model for the interaction between t-PA and PAI-1 . Other than the amino acids in the major recognition site, the amino 
acids of trypsin that make direct contact with BPTI are located in two separate regions of the polypeptide chain (residues 
37-41 and 210-213) (see Figure 1). 

[0053] The region around amino acid residues 214 SWGS 217 is highly conserved among all members of the chymo- 
40 trypsin superfamily. By contrast: the region around amino acid residues 36 NSGYHF 41 is more variable and forms part 
of the surface that interacts with the inhibitor. As shown in Figure 1, the amino acid sequence of t-PA in this region 
differs from that of trypsin in two major respects. First, the Tyr (Y 3g ) residue of trypsin has been replaced with an Arg 
( R 3Cm) residue in t-PA. Modelling based on the assumption that the interaction between t-PA and PAI-1 mimics that 
between trypsin and BPTI suggests that R 304 of t-PA can form a salt bridge with a Glu (E 350 ) residue of PAI-1. This 
45 Glu residue in PAI-1 is equivalent in position to l 19 of BPTI (Table VII below) which forms a van der Waal's contact with 
Y 39 of trypsin (Huber, R. et al, J. MoT Biol., 89:73-101 (1974)); and Bode, W. et al ; In: Proteolysis and Physiological 
Regulation, Academic Press, New York, pages 43-76 (1 976)). Therefore, E 350 of PAI-1 is predicted to form an ion pair 
with R 304 of t-PA. 

so 



ss 
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Tmblm rtt 

PI fx*' 

- 12 . , 24 

BPTI CPOURIIRYFYN 

. . 355 
PAI-1 VSARUPECXSC 

557 569 
10 PUS CPCRWCOCVAMP 

Second, t-PA carries an additional stretch of seven amino acids (296 K HRRSPG 302l see Figure 1) located adjacent to 
predicted contact between t-PA(R 304 ) and PAI-1 (E 350 ). Four out of seven of these amino acids are positively-charged, . 
15 while the predicted complementary region of PAI-1( 350 EEIIMD 35 5) contains three negatively-charged residues. It was 
believed in the present invention that electrostatic interactions between these regions may play an important role in 
the formation or stabilization of complexes between t-PA and PAI-1. By contrast, such interactions could not occur 
when t-PA interacts with its substrate, plasminogen (PLG), which has no negatively-charged residues in the equivalent 
region (see Table VII above). 

20 [0054] Comparisons of sequences of various serine proteases of the chymotrypsin superfamily, such as those shown 
in Figure 1 , can be used as a guide to design one or more mutations in the various serine proteases of the chymotrypsin 
superfamily so as to make them resistant to inhibition by their cognate wild-type inhibitors. Like t-PA, the other serine 
proteases of the chymotrypsin superfamily shown in Figure 1 differ from trypsin at the important contact residue (Y 39 
of trypsin) and in containing insertions of variable size located adjacent to the contact residue. Thus, examples of 

25 candidates for mutation include: 



(i) amino acid residues that, in other serine proteases, occupy the position equivalent to that of Tyr (Y 39 ) of trypsin 
(the residue that forms a contact with lie (l 19 ) of BPTI and therefore plays an important role in the interaction 
between the two proteins). In plasmin for example, a Met (M) residue occupies the position equivalent to Y 3g of 

30 trypsin. Mutation of this Met residue to another amino acid with different properties, such as charge or size (Glu 

(E) for example) is expected to eliminate or reduce the susceptibility of plasmin to inactivation by antiplasmin, 
although the particular substitute amino acid employed is not critical to the present invention. Similarly mutation 
of the Gin (Q) residue of thrombin (that occupies the position equivalent to Y 39 of trypsin) to another amino acid 
with different properties, such as charge or size (for example Asp (D)) is expected to eliminate or reduce the 

35 susceptibility of thrombin to inactivation by antithrombin 111, although the particular substitute amino acid employed 

is not critical to the present invention; and 

(ii) residues of other serine proteases of the chymotrypsin superfamily that are not present in trypsin and map near 
the active site as small insertions on the surface of the molecule (see Figure 1 ). For example plasmin contains an 
insert of 2 amino acids (RF) adjacent to the contact residue in a position equivalent to that occupied 

40 by 296KHRRSPG 302 of t-PA. Mutation by deletion or substitution of either or both of these two amino acids, or by 

insertion of small numbers of additional amino acids is expected to eliminate or reduce the interaction with the 
inhibitor without necessarily affecting the catalytic site of the serine protease. As another example, u-PA contains 
an insert of six amino acids (RHRGGS) adjacent to the contact residue in a position equivalent to that occupied 
by 296 KHRRSPG 302 of t-PA. Mutation or deletion of these six residues is expected to reduce or eliminate the 

45 interaction with serine protease inhibitors in a manner similar to that observed for the mutant t-PA(Del 296 _ 302 ). 

[0055] Similarly, the region of the serine protease inhibitors within the reactive center is quite variable and forms part 
of the surface that interacts with the serine protease. Comparisons of sequences of various serine protease inhibitors 
of the serpin family, such as those shown in Figure 2, can be used as a guide to design one or more mutations in the 
50 various serine protease inhibitors, and in particular, in members of the serpin family of serine protease inhibitors, so 
as to make them able to efficiently inhibit the serine protease inhibitor-resistant serine proteases of the chymotrypsin 
superfamily of the present invention. Like PAI-1 , other serpin family members shown in Figure 2 differ in sequence in 
the important contact amino acid residues (E 350 of PAI-1) and contain insertions of variable size located adjacent to 
the contact residue (see Table VIII below). 
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Table VIII 



Serein 



75 



20 



35 



344 Pl-Pl* 35Q 



h PAI-1 SA-RMAPEE IIMDRPF 

w r PAI-1 SA-RHAPTE MVLDRSF 

h PAI-2 TG-RTGHGG PQFVADHPF 

h A1AT IP-HSIPPE VKFNKPF 

b A1AT IP-MS IPPE-----VKFNKPF 

m A1AT VP-YSMPPI LRFDHPF 

r GHRP L--KSLPQTI--PLLNFNRPF 

h AChym TL-LSALVETRTI-VRFNRPF 

m Cntrps GIRKAILPA--- --VHFNRPF 

h ATIII AG-RSLNPN--RVTFKANRPF 

h HCII MP-LSTQVR FTVDRPF 

25 h A2AP S--RMSLSS FSVNRPF 

h Clinh AA-RTLLV------FEVQQPF 

h PCinh TF-R5ARLN- -SQRLVFNRPF 

30 r Nex-1 A--RSSPPW-----FIVDRPF 

(h=human; r=rat; b*baboon; and m=mouse) 



[0056] Thus, examples of candidates for mutation include: 



(i) amino acid residues that, in other serine protease inhibitors, occupy the position (P4') equivalent to that of Glu 
(E 350 ) of PAI-1 (the residue that forms a contact with Arg(R 304 ) of t-PA and therefore plays an important role in the 
interaction of the two proteins). In the present invention, the Glu residue of PAI-1 (E 350 ) has been mutated to Arg 
(R) in order to restore the electrostatic interaction which was disrupted by construction of the R 30 4-»E mutation in 

40 t-PA. This specific mutation in the serpin has been constructed so as to be complementary to the mutation that 

was introduced in the serine protease which renders it resistant to inhibition by the wild-type serpin. This comple- 
mentary E 350 — >R mutation in the serpin was specifically chosen to render the serpin capable of inhibiting the serine 
protease inhibitor-resistant serine proteases of the chymotrypsin superfamily of the present invention; however, 
the particular substitute amino acid employed is not critical to the present invention. For example, if the Met (M) 

45 residue in plasmin equivalent to Y 39 of trypsin (see Figure 1) were altered to another amino acid with different 

properties, such as charge or size (as the example given above, Glu (E)), and that mutant plasmin showed reduced 
susceptibility to inhibition by wild-type alpha-2-antiplasmin, then mutation of the P4' Ser (S) residue in alpha 2-an- 
tiplasmin, to another amino acid (Arg (R) for example) capable of interacting with the altered Glu residue in plasmin, 
is expected to restore the susceptibility of the mutant plasmin to inactivation by the mutant alpha-2-antiplasmin. 

50 Similarly, if the Gin (Q) residue of thrombin were altered to Asp (D), as in the example for mutation of thrombin 

given above, then mutation of the P6' Arg (R) residue of antithrombin III to Glu (E) is expected to restore suscep- 
tibility of the wild-type inhibitor-resistant thrombin to inhibition by the mutant anti-thrombin III; and 

(ii) additional amino acid residues of other members of the various families of serine protease inhibitors within the 
reactive center that form part of the interaction surface with their cognate serine protease. These residues are 

55 shown in Table VIII above for the serpin family of serine protease inhibitors. 

For example, alpha-2-antiplasmin contains the sequence SLSSFSVN in the reactive center in a position equivalent to 
the 548APEEIIMDS55 of PAI-1 . Mutation by substitution of any of these eight amino acids or by insertion of small numbers 
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of additional amino acids is expected to restore the interaction with the serine protease provided that those substitutions 
or insertions are complementary in some property, such as charge or size or hydrophobicrty, to the amino acid residues 
that were introduced into the serine protease, which originally rendered it resistant to the wild-type serpin. 
[0057] Provided that at least one of the basic amino acids at positions 298 and 299 of human t-PA has been replaced 
5 by an acidic or neutral amino acid, the t-PA mutants of the present invention may also include point mutants, deletion 
mutants, addition mutants or mutants containing combinations of there types of mutations. 

[0058] The t-PA of the present invention can be prepared, e.g., by the well known techniques of oligonucleotide- 
mediated mutagenesis (Zoller, M. et al, DNA, 3:479-488 (1984); Kunkel, T. et al, Proc. Natl. Acad. Sci. USA, 82:488- 
492 (1985); and Kunkel, T. et al, Current Protocols in Molecular Biology, Green Publishing Associates & Wiley Inter- 
ne science, New York (1987)). However, the precise method of preparing the mutation in the t-PA is not critical to the 
present invention. 

[0059] The mutant t-PA of the present invention can be screened for those having the desired properties, i.e., serine 
protease activity yet resistance to inhibition by the cognate inhibitor, using well known assays, such as described in 
Lottenberg, R. et al, Meth. Enzymol. , 80:341 -361 (1 981 ). 
75 [0060] The administration o1 such mutated t-PA is believed to be of benefit in a variety of clinical and commercial 
applications. The mutated forms of t-PA of the invention are believed to be useful to extend the effective life of t-PA in 
the circulation of a patient with a thrombotic disorder where extended fibrinolysis is required. 

[0061] The amount of mutant t-PA of the present invention to be administered in clinical applications will depend 
upon the particular mutant t-PA employed, the desired therapeutic effect of the t-PA, and on factors such as the sex, 
20 age, weight and physiological condition of the patient to whom the protease is to be administered. The amount of 
mutant t-PA to employ can be determined by routine experimentation. 

[0062] The mutant t-PAs of the present invention should be administered as determined by tests in appropriate Jn 
vitro and in vivo models and in clinical trials. It is anticipated that the doses required will be between 10 and 1000-fold 
less than that which is required for wild-type t-PA. 
25 [0063] The mutant t-PA of the present invention can be administered with any pharmaceutical^ acceptable carrier 
or diluent as is well known in the art, such as a physiological saline solution (Lucore, C.L et al, Circ , 77:660-669 
(1988); and Chesebro, J.H. et al, Circ. : 76:142-154 (1987)). 

[0064] The particular mode of administration of the mutant t-PA of the present invention is dependent on the particular 
application thereof. Examples of such modes of administration include intravenous or intraperitoneal injection, intrac- 
30 oronary infusion, topical application and aerosol inhalation. 

[0065] The following examples are provided for illustrative purposes only. 

EXAMPLE 1 (COMPARATIVE) 

35 t-PA MUTANTS 

A. Selection of t-PA Sites for Mutagenesis 

[0066] To test the hypothesis that residues Arg 304 and ( 2 96KHRRSPG 302 ) of t-PA interact with PAI-1 , oligonucleotide- 
^0 mediated mutagenesis was used to produce the three mutant forms of t-PA shown in Table IX below. 



TmhXm DC 

w±ld-*y*» *-PA FAKHfiRSPCERFLC 

t-PA I Arg 304 ->S I FAJCHRRSFGESFLC 

SO *-PACArr 504 ->E) FAJCHRR3PCEEFLC 

t-PAt Q*lzi*~ZQZ } FA CRFLC 

ss [0067] Mutant t-PA(Del 2 g 6 . 3 02) lacks the seven amino acid insertion discussed above which is not found in trypsin, 
and was constructed so as to completely remove a portion of the t-PA sequence which interacts with the cognate serine 
protease inhibitor, PAI-1 . Mutants t-PA(R 304 -»S) and t-PA(R 304 -»E) contain substitutions of Ser and Glu, respectively, 
for Arg 304 , and were chosen to selectively alter the positively-charged Arg residue and eliminate its interaction with 
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the cognate serine protease inhibitor, PAI-1 . A variety of other substitutions can be made for R 30 4 which would produce 
a t-PA with reduced susceptibility to its cognate serine protease inhibitor due to a lack of charged-pair interaction. For 
example, point mutations that convert the positively-charged residues in the loop (residues 296-302) to negatively- 
charged or neutral amino acids would be predicted to prevent, reduce or destabilize the interaction between t-PA and 
5 pAl-1 . A similar result can be obtained by replacing P 301 with another amino acid, with the exception of Gly (G). Addi- 
tionally, insertion mutations can be made between residues 304 and 305, or anywhere between residues 296 and 305, 
so as to insert a . series of about 1-6 amino acids that will not interact properly with the PAI-1 residues. Different sub- 
stitutions and/or combinations of substitutions, insertions and deletions would be expected to affect the interaction 
between t-PA and PAI-1 to different extents, thereby allowing a variety of t-PAs to be generated with properties appro- 
ve priate for particular applications or clinical conditions. 

B. Oligonucleotide-mediated Mutagenesis of t-PA 

[0068] Oligonucleotide-mediated mutagenesis of t-PA was carried out essentially as described by Zoller, M. et al, 
15 DNA, 3:479-488 (1 984) as modified by Kunkel, T, Proc. Natl. Acad. Sci. USA. 82:488-492 (1 985); and Kunkel, T. et 
al, Current Protocols in Molecular Biology, Green Publishing Associates & Wiley Interscience, New York (1987). 
[0069] First, plasmid pSVT7(R|-)/t-PA ; which contains a cloned copy of the cDNA encoding full-length human t-PA, 
was prepared as described by Sambrook, J. et al, Mol. Biol. Med. , 3:459-481 (1986). pSVT7(R|-)/t-PA is a derivative 
of pSVT7 (Bird, P.M. et al, J. Cell Biol. , 105:2905-2914 (1987)) (see Figure 3). 
20 [0070] pSVT7 was constructed from pKC3. pKC3 is a derivative of pko (Van Doren, K. et al, J. Virol., 50:606-614 
(1984)) in which the pBR322-derived sequences from the Aval site to the EcoRI site (which contain the origin of rep- 
lication and the (3-lactamase gene) have been replaced by those of pUC 8 (Messing, J., Meth. EnzymoL , 101 :20-78 

(1983) ). In addition, a polylinker has been inserted into the unique Hindi 1 1 site and the Pvull site upstream of the SV40 
origin has been converted into a Clal site. Vector pSVT7 was obtained by inserting a 20 base pair fragment containing 

25 a bacteriophage T7 RNA polymerase-specific promoter (Pharmacia Fine Chemicals, Piscataway, NJ) into the unique 
Stul site of pKC3. This Stul site lies within sequences derived from the early region of SV40 at nucleotide 51 90 in the 
SV40 sequence and approximately 30 base pairs downstream from the point of initiation of the early transcript (Tooze, 
J. et al, DNA Tumor Viruses, Cold Spring'Harbor Press, page 813 (1981)). 

[0071] Then, the single EcoRI site was removed from pSVT7 by filling the recessed 3'-ends with the Klenow fragment 

30 of E_ colt DNA polymerase. The resulting expression vector was designated pSVT7(R!*) (see Figure 3). 

[0072] Next, cDNA coding for wild-type t-PA was excised from plasmid pL611 (Sambrook, J. et al., Mol. Biol. Med., 
3:459-481 (1986); provided by Genetics Institute, Boston, MA) and inserted into pSVT7(R|-). pL611 contains, immedi- 
ately upstream from the initiating AUG codon of t-PA, a synthetic oligonucleotide that introduces cleavage sites for 
Ncol and BamHI. Approximately 280 base pairs downstream of the TGA termination codon, a Ball site lies within the 

35 3' untranslated sequence of the t-PA cDNA. Xbal linkers were added to the approximately 1965 base pair Ncol-Ball 
fragment of t-PA DNA that was excised from plasmid pL61 1 . This Ncol-Ball fragment contains the sequences that code 
for the complete t-PA protein but lacks sequences corresponding to (i) the distal 3'-untranslated region of t-PA mRNA 
and (ii) all of the 5'-untranslated sequences of t-PA mRNA, i.e., the sequences between a Sail site and the initiating 
ATG codon (Pennica, D. et al. Nature , 301:214-221 (1963)). The fragment of t-PA cDNA carrying Xbal sites at each 

40 end (Sambrook, J. et al, MoL Biol. Med. , 3:459-481 (1986)) was used to generate pSVT7/t-PA (see Figure 3). The 
approximately 1970 base pair DNA fragment was excised from the resulting plasmid by digestion with Xbal, purified 
by 0.8% (w/v) agarose gel electrophoresis and inserted into the Xbal site of plasmid pSVT7(RI ) so that the sequences 
coding for the N-terminus of t-PA were placed immediately downstream of the bacteriophage T7 and SV40 early pro- 
moters. The resulting plasmid was designated pSVT7(R|-)/t-PA (see Figure 3). 

45 [0073] Then, pSVT7(R|-)/t-PA was digested to completion with EcoRI. The 472 base pair fragment (nucleotides 842- 
1314 which encodes the region covering amino acids 206 to 364) of t-PA was purified by 1.2% (w/v) agarose gel 
electrophoresis. This fragment was then ligated with replicative-form DNA of the bacteriophage M1 3 vector M1 3mpl8 
(Yanisch-Perron, C. et al, Gene ., 33: 1 03-1 1 9 (1 985)) which had previously been digested with EcoRI and dephospho- 
rylated with calf intestinal alkaline phosphatase (see Figure 3). 

so [0074] Unless otherwise specified, these and other standard recombinant DNA procedures described herein were 
carried out as described in (i) Maniatis, T. et al, Molecular Cloning: A Laboratory Manual, 1st Edition, Cold Spring 
Harbor (1982) and (ii) Meth. EnzymoL , Volume 152, Ed. Berger, S. et al, Academic Press, New York (1987). 
[0075] The ligated DNA was transfected into E. coli strain TG-1 (Gibson, T, Thesis, University of Cambridge, England 

(1984) ). White plaques formed by recombinant bacteriophages were picked and the presence of the appropriate 472 
55 base pair EcoRI fragment was verified by restriction mapping, Southern hybridization and DNA sequencing. 

[0076] Mutations in the 472 base pair EcoRI fragment were introduced using a S'-phosphorylated synthetic mutagenic 
primer as described by Kunkel, T. etal, Proc. Nati. Acad. Sci . USA, 82:488-492 (19B5); and Kunkel T. Meth. Enzymol., 
154:367-382 (1987)). The sequences of the three mutagenic primers employed to construct the t-PA mutants were: 
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t — PA f R — >S } 5* ' 

1 304 OJ 3 GCCCGGAGAGTCGTTCCTGTGC 



5 ' "\ ' 

t-PA( R 304 ->E ) GCCCGCAGAGGAGTTCCTGTGC 



5 ' 7 
10 t: " PA{Del 296-302 } GCCATCTTTGCCCAGCGGTTCCTG 



The above protocol uses a DNA template, produced in a strain of E, coli that is duf, ung *, i.e., strain CJ236 (Kunkel, 
T. et al. Proc. Natl. Acad. Sci. USA , 82:488- 492 (1985); and Kunkel, T., Meth. Enzymo). , 154:367-382 (1987)). The 
DNA template contains a small number o1 uracil residues in place of thymine. 

[0077] After the mutagenic primer was extended in vitro , the partially-filled circular DNA was transfected into a strain 
of E. coli that is dut+, ung+ , i.e., TG-1 (Gibson, T, Thesis, University of Cambridge, England (1 984)). The uracil residues 
in the template strand were then removed ]n vivo by the action of the enzyme uracil N-glycosylase. This generated 
lethal lesions in the template strand and therefore allowed rapid and efficient recovery of mutants. 
[0078] More specifically, the uracil-containing template DNAs were annealed to the 5' phosphorylated mutagenic 
primers shown above. Extension of the primer was carried out for 12-16 hours at 15°C using the Klenow fragment of 
E. coli DNA polymerase. The newly-synthesized strand was ligated to the 5" end of the mutagenic primer with bacte- 
riophage T4 DNA ligase, forming a circle bearing a mismatch. The resulting DNA was used to transfect_E. coji strain 
TG-1 (Gibson, T, Thesis, University of Cambridge, England (1984)) and single-stranded DNA was prepared from a 
number of the plaques. These DNAs were completely sequenced. The double-stranded replicative form of the DNAs 
of proven mutants was then isolated and the mutated 472 base pair fragments were isolated by digestion with EcoRI 
and electrophoresis through 1 .2% (w/v) agarose gels. As described in detail below, these fragments containing muta- 
tions were then used to reconstruct versions of the t-PA cDNA that encoded the t-PA mutants of interest. 



30 c. Construction of Expression Vectors for Mutant t-PAs 



[0079] Mutants of t-PA in plasmid pSVT7{R|-)A-PA were constructed as follows: The central 472 base pair EcoRI 
fragment of t-PA cDNA was removed from plasmid pSVT7(R|-)/t-PA by digestion with EcoRI and by 1 .2% (w/v) agarose 
gel electrophoresis. The remaining linear fragment of the plasmid DNA was then ligated to the versions of the 472 
base pair fragment created by oligonucleotide-mediated mutagenesis (see Figure 3). The resulting plasmids were 
designated pSVT7(R|-)/t-PA(R 304 ->S), pSVT7(R|-)/t-PA(R 304 ->E) and psvT7(R!-)/t-PA(Del 296 _ 302 ). 
[0080] E. coli strain DH-1 (Hanahan, D. et al, DNA Cloning , Volume 1 , Ed. Glover, D.M., I.R.L. Press, Oxford, pages 
109-135 (1985)) was transformed with the above mutant plasmids and the resulting strains were designated pSVT7 
(R|-)/t-PA(R 304 ->S) [DH-1]; pSVT7(R|-yt-PA(R 304 -*E) [DH-1]; and pSVT7(R|-)/t-PA(Del 2g6 _ 302 ) [DH-1], respectively. 
The presence of the correct fragment was confirmed by hybridization to the appropriate radiolabeled mutagenic oligo- 
nucleotide and the orientation of the fragment was verified by restriction mapping and DNA sequencing, using the 
appropriate mutagenic oligonucleotides as primers. 

pSVT7(R|-)/t-PA(R 304 ->S) [DH-1], 
pSVT7(R|-)/t-PA(R 30 4-»E) [DH-1] and 

pSVT7(R|-)/t-PA(Del 296 . 302 ) [DH-1] have been deposited at the American Type Culture Collection under ATCC Nos. 
67894, 67896 and 67895, respectively. 



D. Transfection of COS Cells 



[0081] Next, approximately 10 s COS cells (Gluzman, Y. et al, Cell. 23:175-182 (1981)) per 100 mm dish were trans- 
fected with 1 .0 fj.g of the appropriate plasmid DNA purified by the alkaline lysis procedure (Maniatis, T et al, Molecular 
Cloning: A Laboratory Manual, 1st edition, Cold Spring Harbor (1982)). More specifically, the medium was removed 
from the COS cells by aspiration and the monolayers were washed once with 5.0 ml of Dulbecco's medium (GIBCO, 
Inc.) containing 10 mM HEPES (pH 7.15) (Sigma Chemical Co.). After removal of the wash solution, the plasmid DNA 
was then added to the monolayers in a volume of 1.5 ml of wash solution containing 300 jag of DEAE-dextran (Phar- 
macia, Inc.). The monolayers were then incubated for 1 hour at 37° C in an humidified atmosphere containing 6.0% 
C0 2 . The monolayers were agitated gently every 20 minutes during this period. After the monolayers had been exposed 
to the plasmid DNA for 1 hour, they were washed once with Dulbecco's medium containing 10 mM HEPES (pH 7.15) 
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and then 10 ml Dulbecco's medium containing 10% (v/v) fetal bovine serum (GIBCO, Inc.) and 100 u.M chloroquine 
(Sigma Chemical Co.) was added. The monolayers were then incubated at 37°C for 4 hours as described above, and 
washed twice with 5.0 ml of Dulbecco's medium lacking fetal bovine serum but containing 10 mM HEPES (pH 7.15). 
10 ml of Dulbecco's medium containing 10% (v/v) fetal bovine serum was then added and the monolayers were incu- 
bated at 37°C as described above for 12 hours. Then, the monolayers were washed three times each with 5.0 ml with 
Dulbecco's medium lacking fetal bovine serum and incubated at 37°C in the same medium for a further 36-60 hours. 
Mock-transfected cells were treated identically except that plasmid DNA was omitted from the solution containing 
DEAE-dextran. At the end of the incubation period, the supernatant medium was collected from the cells and analyzed 
as described below. 

E. Quantitation of Wild-Type and Mutant t-PAs by Solid-Phase Radioimmunoassay 

[0082] A solid-phase radioimmunoassay was periormed essentially as described for influenza hemagglutinin (Geth- 
ing, M.J. et al, Nature, 293:620-625 (1981)) using the IgG fraction of rabbit antisera raised against purified human t- 
PA so as to quantitate the amounts of wild-type and mutant t-PAs produced in the COS cells. The concentration of t- 
PA determined by this method was between 0.5 and 1.0 u.g/ml. 

F. Enzymatic Assay of Wild-Type and Mutant t-PAs 

[0083] An indirect chromogenic assay was carried out so as to determine the activities of the wild-type and mutant 
t-PAs produced in the COS cells. In this assay, free p-nitroaniline is released from the chromogenic substrate Spec- 
trozyme PL (H-D-norleucylhexahydrotyrosyl-lysine-p-nitroanilide diacetate salt) (American Diagnostica, Inc.) by the 
action of plasmin generated by the action of t-PA on plasminogen. The release of free p-nitroaniline was measured 
spectrophotometrtcally at OD 405 nm. 

[0084] More specifically, 100 u.1 reaction mixtures comprising 150-200 pg of the t-PA to be tested, 0.4 mM of Spec- 
trozyme PL, 0.1 uJvl of Lys-plasminogen (American Diagnostica, Inc.) and 0.5-25 jag/ml of soluble fibrin (Des-A-fibrin- 
ogen) (American Diagnostica, Inc.) in a buffer comprising 50 mM Tris-HCI (pH 7.5), 0.1 M NaCI, 1.0 mM EDTA and 
0.01 % (v/v) Tween 80 were incubated at 37° C in 96-well, flat-bottomed microliter plates (Costar Inc.) and the OD 405 nm 
was measured with a Bio-tek microplate reader (Model EL310) at 15 or 30 minute intervals over a 2 hour period. 
Aliquots of buffer or appropriately-diluted samples of medium from mock-transfected cells were analyzed as controls 
and the OD values obtained (<0.01 unit) were subtracted from the corresponding test values. Delta OD values were 
measured as the change in optical density between 30 minutes and 60 minutes, i.e., following the lag phase of the 
reaction and the complete conversion of single-chain t-PA to the two-chain form. Under the conditions used in the 
standard assay (0. 1 u.M of Lys-plasminogen and 25 u.g/ml of Des-A-fibrinogen), soluble fibrin stimulated the activity of 
t-PA 20-40 fold. The results are shown in Figure 4. 

[0085] As shown in Figure 4, all three of the above-described t-PA mutants were found to be enzymatically active 
and their specific activities were not found to be significantly different from that of wild-type t-PA. In addition, the above- 
described t-PA mutants were found to respond to varying concentrations of Des-A-fibrinogen in a manner similar to 
that of wild-type t-PA. The maximal stimulation by Des-A-fibrinogen was 20-40 fold. This is in agreement with the 
observations of others on wild-type t-PA using a Des-A-fibrinogen preparation (Karlan, B. et al, Biochem. Biophys . 
Res. Comm., 142 :147-154 (1987)). In each case, half-maximal stimulation occurred when Des-A-fibrinogen was 
present at a concentration of approximately 1 .0 fig/ml. 

[0086] Next, the K m and values of the wild-type and mutant t-PAs were determined by assaying the various 
forms of the enzyme in the presence of saturating concentrations of Des-A-fibrinogen (25 u.g/ml) and different concen- 
trations (from 0.02-0.16 u.M) of the substrate, Lys-plasminogen. The results are shown in Table X below. 



Table X 



Enzyme 


K m 0iM) 




Wild-type 1-PA 


0.024 


0.22 


1-PA(R 304 ^S) 


0.019 


0.23 


t-PA(R 304 ->E) 


0.023 


0.22 


1-PA(Del 296 _3 02 ) 


0.029 


0.17 



[0087] As shown in Table X above, the K m and K cat values for the different t-PA mutants were similar to one another. 
The values are also similar to values for wild-type t-PA reported by Boose, J. et al, Biochem., 28:635-643 (1989): and 
Hoylaerts, M. et al, J. Biol. Chem., 257 :2912-2919 (1982). 



15 



EP 0 462 207 B1 



[0088] The data shown in Figure 4 and Table X demonstrate that (i) deletion of amino acids 296-302 of t-PA and (ii) 
substitution of Ser or Glu for Arg at position 304 have little effect on the ability of t-PA to activate plasminogen and to 
be stimulated by soluble fibrin fragments. 

[0089] To test whether deletion of amino acids 296-302 and substitution of Arg 304 affects the interaction of t-PA with 
5 PAI-1 , approximately 250 pg (3.8femtomoles) each of the wild-type and mutant t-PAs were pre-incubatedfor20 minutes 
with 0-480 femtomoles of partially-purified recombinant PAI-1. The residual enzymatic activity was then measured 
using the indirect chromogenic assay described above. The partially-purified recombinant PAI-1 was obtained as de- 
scribed in Example 2 below. The results are shown in Figure 5. 

[0090] As shown in Figure 5, all three of the t-PA mutants behave quite differently from wild-type t-PA. That is, under 
10 conditions where wild-type t-PA (■) is completely inhibited by PAI-1 (24 femtomoles of PAI-1), the deletion mutant t- 
PA(Del 296 . 302 ) (•) retains approximately 95% of its activity. Only when high concentrations of PAI-1 are present (480 
femtomoles of PAI-1), does mutant t-PA(Del 296 . 302 ) (•) display any significant diminution of enzymatic activity. The two 
substitution mutants, i.e., t-PA(R 304 --*S) (o) and t-PA(R 304 -»E) P), also are resistant to inhibition by PAI-1 , although 
to different extents. Also, as shown in Figure 5 : the two substitution mutants containing Ser or Glu instead of Arg require 
is approximately 4 and 25 times more PAI-1 , respectively, for half-maximal inhibition of enzyme activity than does wild- 
type t-PA. 

[0091] The above data indicate that amino acids 296-302 and 304 are not involved in catalytic functions of t-PA but 
play an important role in the interaction of the enzyme with its cognate serine protease inhibitor, PAI-1. Using the 
structure of trypsin as a model, these amino acids are predicted to map near the active site of the serine protease, 
20 some distance from the catalytic triad. Thus, the area of contact between t-PA and PAI-1 is more extensive than the 
interaction between t-PA and its true substrate plasminogen. 

[0092] In order to determine whether or not mutant t-PA(Del 296 . 302 ) also exhibited resistance to the complex mixture 
of serine protease inhibitors present in human plasma, a 1:100 dilution of human plasma was substituted for the par- 
tially-purified recombinant PAI-1 in the protocol described above. Under these conditions : approximately 70% of the 

2s activity of the wild-type 1-PA was inhibited while the activity of t-PA(Del 296 _ 302 ) was unaffected. 

[0093] In addition, wild-type t-PA and t-PA(Del 296 _ 302 ) were incubated with undiluted human plasma and then the 
mixtures were acidified to pH 5.0 and centrifuged for 5 minutes at 12,000 x g. The clarified supernatants were diluted 
and assayed for residual t-PA activity, which totalled 90% for the mutant t-PA(Del 296 . 3 Q 2 ) and 20% or less for the wild- 
type t-PA. The above results demonstrate that mutant t-PA(Del 296 . 302 ) is resistant to the complex mixture of serine 

30 protease inhibitors present in human plasma and therefore is believed to be superior to wild-type t-PA as a therapeutic 
agent. 

G. Additional t-PA Mutants 

35 [0094] The data presented in Section F above demonstrate that residues 296-302 and 304 of t-PA play an important 
role in interaction of the enzyme with the cognate inhibitor, PAI-1, but not with the substrate, Lys-plasminogen. Modeling 
of the catalytic domain of t-PA based on the known structure of trypsin suggests that residues 296-302 form a surface 
loop at the edge of the enzyme's active site. This loop is highly positively charged. As discussed above in Sections A 
and F, it has been proposed in the present invention that the effect of this region may be mediated by its formation of 

40 electrostatic bonds with PAI-1 . To test this hypothesis : each of the charged residues within the loop were altered and 
the effect of these mutations upon the enzyme's interaction with PAI-1 was assessed as described below If the positively 
charged residues in the loop form salt bridges with a complementary region of the serine protease inhibitor, PAI-1 . then 
their substitution by negatively charged residues would be expected to be disruptive of interactions between t-PA and 
PAI-1 due to the juxtaposition of the side chains of similarly charged residues during the association of these two 

45 proteins. 

[0095] More specifically, site directed mutagenesis was carried out as described above in Section B and used to 
construct cDNAs that encoded t-PA mutants in which Lys 296 , Arg 298; or Arg 299 had been replaced by a Glu residue. A 
cDNA encoding a triple mutant of t-PA in which all three of these residues were replaced by Glu was also constructed. 
Two additional cDNA's were produced; one encodes a t-PA mutant in which His 297 has been replaced by a Tyr residue 
so while the other encodes an enzyme in which Prc^Q-, has been replaced by Gly. 

[0096] The sequences of the six mutagenic primers employed to construct these t-PA mutants were: 



ss 



t-PA(K 2g6 ->E) : 5*- ATCTTTGCCG AGC AC AGGA- 3 
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t-PA(H. Q _->Y) : 5 ' -TTTGCCAAGTACAGGAGGT-3 ' 



t-PA(R 2g8 ->E) : 5 ' -GCCAAGCACGAGAGGTCGCCC-3 ' 



t-PA(R„ Q ->E) : 5 * - AA GC AC AGGGAGTCGCCCGG- 3 ' 



t^PA(P 301 ->G) : 5 ' -AGGAGGTCGGGCGGAGAGCG-3 ' 

t-PA(K 2g6> R 29Q , R 2 99 _> 
E , E f E) : 

5 ' -CCCATCTTTGCCGAGCACGAGGAGTCGCCCGGAGA-3 ' 

[0097] cDNAs encoding the mutated enzymes t-PA(K 296 -^E), t-PA(H 297 ->Y), t-PA(R 298 ^E) and t-PA(P 301 -^G) were 
ligated into the transient expression vector pSVT7(RI"), as described above. 

[0098] cDNAs encoding the mutated enzymes t-PAfK^g, ^296- ^299" * E, E, E) and t-PA(R 299 — »E) were ligated into 
the transient expression vector pSTE. pSTE is a derivative of pSVT7 and was constructed by replacement of the 350 
bp Clal -Hindi II promoter/origin fragment of pSTV7 with the 41 B bp Hpall-Hindlll fragment from the promoter/origin 
region of SV40 cs1085 (DiMaio, D. et a I, J. Mol. Biol., 140 :129-142 (1980)). 

[0099] The resulting plasmids were designated pSVT7(R|-)/t-PA(K 296 ->E) l pSVT7(R|-yt-PA(H 297 ->Y); pSVT7{R|-)/ 
t-PA(R 29e ->E); pSTEA-PA(R 299 ->E); pSVT7(R|-)/t-PA(R 301 -»G); and pSTEA-PA(K 296 , R 298 , R^g-^E, E, E). 
[0100] E. colistrain DH-1 (Hanahan, D. et al, DNA Cloning , Volume 1, Ed. Glover, D M., I.R.L. Press, Oxford, pages 
109-135 (1985)) was transformed with the above mutant plasmids and the resulting strains were designated pSVT7 
(RI-yt-PAfKase-^E) [DH-1], 

pSVT7(RI*)/t-PA(R 297 ->Y) [DH-1]; 
pSVT7(RI')/t-PA(R 298 ^E) [DH-1]; 
pSTE/t-PA(R 299 ->E) [DH-1]; 

pSVT7(R|-)/t-PA(R 301 ->G) [DH-1]; and pSTE/t-PA(K 296 , R 298 , R 299 ->E, E, E) [DH-1], respectively. The presence 
of the correct fragment was confirmed by hybridization to the appropriate radiolabeled mutagenic oligonucleotide 
and the orientation of the fragment was verified by restriction mapping and DNA sequencing : using the appropriate 
mutagenic oligonucleotides as primers. 

[0101] pSVT7(R|-)/t-PA(R 298 ->E) [DH-1]; 

pSTErt-PA(R 299 ->E) [DH-1]; and pSTE/t-PA(K 296 , R 298 , R 29g _>E, E, E) [DH-1] have been deposited at the American 
Type Culture Collection under ATCC Nos. 68157, 68154, and 68153, respectively. 

[0102] The above plasmid DNAs were then used to transfect COS cells as described above. Assays were performed 
as described above with both dilutions of the resulting conditioned media (typically 1 :300) and with immuno-purified 
enzymes. 

[0103] Next, the K m and values of the wild-type and mutant t-PAs were determined by assaying the various 
forms of the enzyme in the presence of saturating concentrations of Des-A-fibrinogen (25 (.ig/ml) and different concen- 
trations (from 0.02-0.16 U-M) of the substrate, Lys-plasminogen. The results are shown in Table XI below. 



Table XI 



Enzyme 


K m (M-M) 


Kcat(s-i) 


Wild-type t-PA 


0.024 


0.22 
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Table XI (continued) 



Enzyme 


K m (nM) 


K C at(s' 1 ) 


t-PA(K 296 -*E) 


0.026 


0.22 


t-PA(H 297 ->Y) 


0.017 


0.14 


t-PA(R 298 -*E) 


0.027 


0.24 


t-PA(R 299 ->E) 


0.033 


0.26 


t-PA(P 301 -»G) 


0.027 


0.24 


t-PA(K 296 , R 29B , R 299 ->- E, E, E) 


0.027 


0.24 



[01 04] As shown in Table XI above, none of the mutations discussed above substantially altered the t-PA's interaction 
with its substrate. 

[0105] Similarly, the data presented in Figure 6. suggests that the mutations have not altered l-PA's interaction with 
its positive effector, Des-A-fibrinogen. By contrast, the data presented in Figure 7 indicates clear differences in the 
behavior of wild-type t-PA and some of the mutant t-PAs. Specifically, the ability to interact normally with the serpin : 
PAI-1 , has been substantially changed for three of the mutant t-PAs, i.e., t-PA( R 298 ->E), t-PA(R 299 ->E), and t-PA(K 296 , 
R 29B> R299 _>E . E > E )- The behavior of the triple mutant is particularly striking; even after pre-incubation with a greater 
than 200-fold molar excess of PAI-1 , the triple mutant shows no loss of activity. These findings support the proposal 
that the surface loop of t-PA, i.e., residues 296-302, interacts specifically with the cognate inhibitor, PAI-1 , and suggest 
that this interaction involves Arg 298 and Arg 29g . These observations are consistent with the hypothesis that the specific 
interactions between t-PA and PAI-1 involve electrostatic bonds. The residues of t-PA involved in these interactions 
are Arg 298 , Arg 299 , and Arg 304 . 



Claims 

1 . A t-PA mutant which is resistant to inhibition by its cognate inhibitor wherein in said t-PA mutant at least one of the 
basic amino acid at position 298 of human t-PA and the basic amino acid at position 299 of human t-PA has been 
replaced by an acidic or neutral amino acid. 

2. A t-PA mutant as claimed in claim 1 wherein in said t-PA mutant the basic amino acid at position 296 of human t- 
PA has also been replaced by an acidic or neutral amino acid. 

3. A t-PA mutant as claimed in claim 2 wherein in said mutant the basic amino acid at each of positions 296, 297, 
29B and 299 of human t-PA have been replaced by an acidic or neutral amino acid. 

4. A t-PA mutant as claimed in any one of the preceding claims wherein said cognate inhibitor is selected from PAI- 
1, PAI-2and PAI-3. 

5. A gene encoding a t-PA mutant as claimed in any one of the preceding claims. 

6. A method for obtaining a t-PA mutant which is resistant to inhibition by its cognate inhibitor comprising: 

(A) culturing a host cell with DNA comprising a gene as claimed in claim 5; and 

(B) isolating the resulting t-PA mutant. 

7. A method for providing a t-PA mutant as claimed in any one of claims 1 to 4 comprising: 

(A) obtaining a t-PA mutant wherein at least one of the basic amino acid at position 298 of human t-PA and 
the basic amino acid at position 299 of human t-PA has been replaced by an acidic or neutral amino acid; and 

(B) screening for a t-PA mutant which is resistant to inhibition by its cognate inhibitor. 

8. E.coli pSVT(Rl-)/t-PA(R 298 ->E) [DH-1] having ATCC deposit No.68157 or 

E.coli pSTE/t-PA (R 299 ->E) [DH-1] having ATCC deposit No. 68154, or 

E.coli pSTE/t-PA (K 296 , R 298 , R 299 ->E,E,E) [DH-1] having ATCC deposit No. 68153 
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9. Plasmid pSVT7(Rr)/t-PA(R 298 ->E) present in E.coli pSTV7(RV)/t-PA (R 298 ->E) [DH-1] having ATCC deposit No. 
68157 or 

plasmid pSTE/t-PA (R 299 ->E) present in E.coli pSTE/t-PA (R 299 -»E) [DH-1 ] having ATCC deposit No. 68154 or 
plasmid pSTE/t-PA (K^, R 298 , R 299 ->E,E,E) present in E.coli pSTE/t-PA (K 296 , R 298 , R 299 ->E,E,E) [DH-1] 
having ATCC deposit No. 68153 



Patentanspruche 

1. t-PA-Mutante, die gegenuber der Inhibition durch ihren zugehorigen Inhibitor resistent ist, wobei in dert-PA-Mutanle 
wenigstens eine der basischen Aminosauren an Position 298 und 299 des humanen t-PA durch eine saure oder 
neutrale Aminosaure ersetzt wurde. 

2. t-PA-Mutante nach Anspruch 1 , dadurch gekennzeichnet, dass in dert-PA-Mutante auch die basische Aminosaure 
an Position 296 des humanen t-PA durch eine saure oder neutrale Aminosaure ersetzt wurde. 

3. t-PA-Mutante nach Anspruch 2, dadurch gekennzeichnet dass in der Mutante die basische Aminosaure an jeder 
der Positionen 296, 297, 298 und 299 des humanen t-PA durch eine saure oder neutrale Aminosaure ersetzt wurde. 

4. t-PA-Mutante nach einem der vorangegangenen Anspruche, dadurch gekennzeichnet, dass der zugehorige In- 
hibitor ausgewahlt ist aus PAI-1, PAI-2 und PAI-3. 

5. Gen, das fur eine wie in einem der vorangegangenen Anspruche beanspruchte t-PA-Mutante codiert. 

6. Verfahren zum Erhalt e in er t-PA-Mutante, die gegenuber einer Inhibition durch ihren zugehorigen Inhibitor resistent 
ist, umfassend die folgenden Stufen: 

(A) Kultivieren einer WirtszeUe mit einer DNA, die ein wie in Anspruch 5 beanspruchtes Gen umfasst; und 

(B) Isolieren der entstandenen t-PA-Mutante. 

7. Verfahren zum Bereitstellen einer wie in einem der Anspruche 1 bis 4 beanspruchten t-PA-Mutante, umfassend 
die folgenden Stufen; 

(A) Erhalt einer t-PA-Mutante, bei der wenigstens eine der basischen Aminosauren an Position 298 und 299 
des humanen t-PA durch eine saure oder neutrale Aminosaure ersetzt wurde; und 

(B) Durchmustem im Hinblick auf eine t-PA-Mutante, die gegenuber der Inhibition durch ihren zugehorigen 
Inhibitor resistent ist. 

8. E. coli pSVT(RV)/t-PA(R 298 ->E)[DH-1] mit der ATCC-Hinterlegungsnummer 68157 oder 

E. coli pSTEA-PA(R 299 ~>E) [DH-1] mit der ATCC-Hinterlegungsnummer 68154 oder 

E. coli pSTE/t-PA(K 296 ,R 298; R 299 ->E : E,E] [DH-1] mit der ATCC-Hinterlegungsnummer 68153. 

9. Plasmid pSVT7 (R1-)/t-PA(R 298 ->E), vorhanden in E. coli pSVT7 (RT) /t-PA(R 298 ->E) [DH-1] mit der ATCC-Hin- 
terlegungsnummer 68157 oder 

Plasmid pSTEA-PA(R-^E), vorhanden in E. coli pSTE/t-PA(R 299 -»E)[DH-1] mit der ATCC-Hinterlegungsnum- 
mer 68154 oder 

Plasmid pSTE/t-PAfK^R^g.R^^E.E), vorhanden in E. coli pSTE/t-PAfK^e.R^R^g^E.E.EHDH-l] 
mit der ATCC-Hinterlegungsnummer 68153. 



Revendlcatlons 

1. Mutant de t-PA qui est resistant a une inhibition par son inhibiteur apparente, dans lequel, dans ledit mutant de t- 
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PA, au moins I'un parmi I'acide amine basique en position 29B de la t-PA humaine e1 I'acide amine basique en 
position 299 de la t-PA humaine a et6 remplace par un acide amin6 acide ou neutre. 

2. Mutant de t-PA selon la revendication 1 , dans lequel, dans ledit mutant de t-PA, I'acide amine basique en position 
5 296 de la t-PA humaine a aussi et6 remplace par un acide amine acide ou neutre. 

3. Mutant de t-PA selon la revendication 2, dans lequel, dans ledit mutant, I'acide amine basique en chacune des 
positions 296, 297, 298 et 299 de la t-PA humaine a et6 remplace par un acide amine" acide ou neutre. 

io 4. Mutant de t-PA selon I'une quelconque des revendications precedentes, dans lequel ledit inhibiteur apparente est 
choisi parmi PAI-1, PAI-2 et PAI-3. 

5. Gene codant un mutant de t-PA tel que revendique dans I'une quelconque des revendications precedentes. 

is 6. Procedepourobtenirun mutant de t-PA qui est resistant a une inhibition par son inhibiteur apparente, comprenant : 

(A) la culture d'une cellule note avec un ADN comprenant un gene tel que revendique dans la revendication 
5 ; et 

(B) I'isolation du mutant de t-PA resultant. 

20 

7. Procede pour realiser un mutant de t-PA tel que revendique dans I'une quelconque des revendications 1 a A, 
comprenant : 

(A) I'obtention d'un mutant de t-PA dans lequel au moins I'un parmi I'acide amine basique en position 298 de 
25 la t-PA humaine et I'acide amine basique en position 299 de la t-PA humaine a 6te remplace" par un acide 

amine acide ou neutre ; et 

(B) le deplstage d'un mutant de t-PA qui est resistant a une inhibition par son inhibiteur apparente. 

8. E. coli pSVT(R1-)/t-PA(R 298 -»E) [DH-1J ayant le numero de depot ATCC NT 68157 ou 

30 

E. coli pSTE/t-PA(R 299 ->E) [DH-1] ayant le numero de depot ATCC N° 68154 ou 

E. coli pSTE/1-PA(K 296 ,R 298; R 299 ->E ; E,E) {DH-1] ayant le numero de depot ATCC N° 68153. 

9. Plasmide pSVT7 (R1-)/t-PA (R 298 -»E) present dans E. coli pSVT7 (RV) /t-PA (R 298 -*E) [DH-1] ayant le numero 
3S de depot ATCC 68157 ou 

plasmide pSTE/t-PA (R 299 ->E) present dans E. coli pSTE/t-PA(R 299 ->E) [DH-1] ayant le numero de depot 
ATCC N° 68154 ou 

plasmide pSTE/t-PA(K 296 ,R 298 ,R 299 ->E,E t E) present dans E. coli pSTEA-PA(K 296 ,R298. R 29<r-»E. E >E) [DH-1] 
40 ayant le numero de depot ATCC N° 681 53. 



45 



so 
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16 39 50 

TRYPSIN IVGGYTCGAN TVPYQVSLNS GYH FCGGSLINSC 

295 302 

TP A LT. CHAIN IKGGLFADIA SHPWQAAIFA KHRRSPGEPJ" LCGGILIS SC 

UROKINASE IGGEFTTIEK Q . PWFAAI YR RHRGGS . VTY VCGGSLMSPC 

PLASMIN WGGCVAHPH SWPWQVSLRT RFGMH FCGGTLISPE 

PROTEIN C DQEDQVDPRL IDGKMTRRGD S.PWQWLLE SKKKL ACGAVXIHPS 

THROMBIN IVEGQDAEVG LSPWQVKLFR . . . . KSPQEL LCGASLISDR 



57 

TRYPSIN WWSAAHCYK S GIQV 

322 

TPA LT . CHAIN WILSAAHCTQ ERFPPHHLTV 
UROKINASE WVISATHCTI DYPKKED YIV 

PLASMIN WVLTAAHCLE KSPRPSSYKV 

PROTEIN C WVLTAAHCMD ESKKLL . . . V 

THROMBIN WVLTAAHCLL YPPWDK . . . N 

102 

TRYPSIN PSYNS NTLNNDIMLI 

371 

TPA LT. CHAIN EFDO DTYDNDI ALL 

UROKINASE . . . . DYSADT LAflHNDIALL 

PLASMIN EPTRXDIALL 

PROTEIN C PNYSK STTDNDIALL 

THROMBIN IYIHPRYNWK ENLDRDIALL 

TRYPSIN TQCL ISGWGNTKSS 

TPA LT. CHAIN DW .... TECE LSGYGKHEAL 

UROKINASE FG . . . . TSCE ITGFGKENST 

PLASMIN DR .... TECF ITGWGETQGT 

PROTEIN C ELNQAGQETL VTGWGYHSSR 

THROMBIN LXH.AGFKGR VTGWGNRRET 

TRYPSIN . . .ITSNKFC AGYL.EGG. . 
450 

TPA LT. CHAIN T . .VTDNKLC AGDTR5GGPQ 

UROKINASE E. . VTTKM LC AAD PQ 

PLASMIN R. . VQSTELC AGHL 

PROTEIN C SNMVSENMLC AGIL 

THROMBIN RIRITDNMFC AGYK. . . PGE 

214 

TRYPSIN VSWGSGCAQK NKPGVYTKVC 

500 

TPA LT. CHAIN ISWGLGCGQK DVFGVYTKVT 

UROKINASE VSWGRGCALK DKPGVYTRVS 

PLASMIN TSWGLGCARP NKPGVYVRVS 

PROTEIN C VSWGEGCGLL HNYGVYTKVS 

THROMBIN VSWGEGCDRD GKYGTYTHVF 



RLGEDNINW EG.NEQFISA SKSIVH . . . . 

350 

ILGR.TYRW PGEEEOKFEV EKYIVHK . . . 
YLGR . SRLNS NTQGEMKFEV ENLILHK... 

ILGA.BQEVN LEPHVQEIEV SRLFL 

RLGEYDLRRW EKWEL.DLDI KEVTVH . . . . 
FTVDDLLVRI GKHSRTRYER KVEKISMLDK 



KLKSA ASLNSRVASI SLPTSCASA3 

400 

OLKSDSSRCA QESSV.VRTV CLPPADLCLP 
KIRSKXGRCA QPSRT.IQTI CLPSMYNDPQ 

KLSSP AVITDKVIPA CLPSPNYW7* 

HLAQP ATLSQTIVPI CLPDSGLAER 

KLKRP IELSDYIHPV CLPDKQTAAK 

150 

GI.SYPDVLK CLKAPILSDS SCKSAYPGQ. 
SP.FYSERLK EAHVRLYPSS RCTSQHLLNH 
DY.LYPEQLK MTWKLISHR ECQQPHYYGS 
. . . FGAGLLK EAQLPVIENK VCNRYEFLNG 
E.KEAKRNRT FVLNFIKIPV VPHNECSEVM 
WTTSVAEVQP SVLQWNLPL VERPVCKAST 

195 200 

. . . KDSCQGD SGGPWCS GKLCGI 

478 

ANLHDACQGD SGGPLVCLND . . GRMTLVGI 
. WKTDSCQGD SGGFLVCSLQ . . GRMTLTGI 
. . ATDSCQGD SGGPLVCFEK . .DKYILC/GY 
GDRQDACEGD SGGPMVASFH . . GTWFLVGL 
GKRGDACEGD SGGPFVMXSP YNNRWYOMGI 

245 

NYVSWIKQTI ASN 

527 

NYLDWI RDNM RP 

HFLPWIRSHT KXENGLAL . . 

RFVTWIEGVM RNN 

RYLDWIHGHI RDKEAP QKSW AP 
RLKKWIQKVI DRJLGS 
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figure 2 



PAI-1 

Antitrypsin !.!!!"!!!! !!*.*.!!!! 

PAI-2 

A-ehyaot ryp ! ! ! . 

A2-»ntipi*» !!!!!!!!!! 

A-thromhin !!!!!!!!!! 

HsptrinCoII GSKGPLD OLEEGGETAQ SADFQWEOLN NKNL3MPLLP 

CI inhibitor NPNATSSSSQ DPE8LQDRGE GKVATTVISX MLPVEPILEV S3LPTTNSTT 

1 

VBEPPSV 

Antitrypsin EDFQGD 

PAI-2 1 

A-ehy»otryp ][ IhSPLD 

A2-sntiplas NQE QVBPLTLLKL GNOEPGGQTA 

A-thro*bIII CBG8PV DICTAEPRDI PKNPKCXYR8 PEJCKATEDEG 

HsptrinCoXX ADFBKENTVT NDWI PBGC ED DDYLDLEKIP SEDDDYIDIV D8L8V8PTOS 

ciinhibitor neatxitaxt tdepttqptt epttqftio* TOrTTOLPTD 8PT0PTTG8P 

PAI-1 VAHLA 3DPGVR VPQOVAO.A8 KDJWWfSPY 

Antitrypsin aaqktdtsbb do dbft r n k i tpmlaxpaps lyrqlah.qb nbtnxpfspv 

50 

PAI-2 HEDLCVA NTLFALNLFK BLAB.ABrTO NLFL8PW8IS 

A-chymotryp EEMLTQENOD BGTBVDLGLA 3AMV.DFAP8 LYKQLVt.RA LDKNVZP9PL 

A2-sntipl*s LX3PFGVC8P DPTPEQTBBL ARAKHAFTAD LP8LVAQ* T8 TCPNLIL8FL 

A-throablII 3EQXXP EATNRRVWEL SEAN 8 HP ATT FYQRLAD8KN DNDNIFL8PL 

HspsrlnCoII DV5AGNILQL FBQRSRIORL MILHAJtf ArH LYRVLEDQVN TPDMIPIAPV 

Ciinhibitor CPGPVTLC8D LE8H8TEAVL GOALVDF8LE LYHAF8AAKE VETNHAF8 PP 

50 

PAI-1 G VA8 VLAJf LQ LTTOGETOOQ IQAAJIGPKXD D 

Antitrypsin 8 XATAFAftLS L G TKAJD THD E ILEGLNPNLT E 

PAI-2 8TKAJRVYHG8 RGSTEDQHAX VLQPWBVGAM AVTFRTFEUF TSCOPHQQIQ 

A-chy»otryp 8ISTALAFL8 LOABXTTLTE ILKA858FHG D 

A2-*ntiplss 8VAULL8HLA LGAQHHTLQR LQQVLBAGfG F 

A-throabiix sibtafahtk lgachdtlqq lmevpepdtx sektsoqxrf 

BspsrinCoXX GX8TAHOMX8 LGLXGETBEO VH8XLHFEDF VN 

Ciinhibitor 8IA8LLTQVL LGAGOlfTETN LB8I L8YPKO PTCVIOAX.XG P 

100 

PAI-1 KGH AFAX.BJIt.YE8 LKQrWtEDB. X8TTDAX PVQ 

Antitrypsin XVEAQX BEGPQELLRT LMOPD8QLQ. LTTD0GLPL8 

100 

PAI-2 KG 5 YP DA I LQ A0AADXXHS8 FRSLSSAXKA 8 TOD YL. LEE VNELPGEESA 

A-Chysotryp LLRQRF TQ8PQBLRAP 8I8S8DELQ. L SRGNAM FVK 

A2*sntiplSS CLPBLL31 LCQDLGPGA. FRLAARKYLQ 

A-thro»bXII FFAKLNCR LYRKANK88K LV8ANRLPGD 

BsparlnCoix absxyeitti bnlprkltbr lfrrnfgyt . lrevwdlyiq 

Ciinhibitor TTKO VT8V8QXFBS 

PAX-1 RDLXLVQGPH PBFFRLrXBT VROVDP3E. V ERARFIIWDW VXTRTXGIU S 

Antitrypsin EGLKLVDSFL EDVKKLYBSS AFTVKTGD.T tSAEEQlKDY V8E0TW.W 

150 

PAX- 2 8PREEYXXLC QKYY88EPQA VDFLECAEEA REEIW8WVXT QTEGKIPNLL 

A-chyaotryp EQL8LLDBPT EDAXRLYGSE APATDFQD. 8 AAAXKLIHDY VXNOTRGKIT 

A2-sntlplSS EOFFXXCDPL EQ8EQLPGAK • . FV8LTGX0 EDDLAMXHQW VXEATEOEIQ 

A-thrombIXX K8LTTNETY0 DX8ELVYGAX LQPLDFXBXA EQSRAAXNKW VBMRTBORXT 

BspsrinCoXI EQFFILLDFE TXVRBYYFAX AQIADF8D . . PAFXSRTNNH XHELTECLXE 

Ciinhibitor FDLAXRDTPV HA8RTLY888 FRVL8NNS . . DANLELIHTW VAKimQIEXS 
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FfrUTB 2 cent. 



150 

PAI-1 NLLGKGAVDQ 
Antitrypsin dlv. . KELDR 



PAI-2 

A-chy»otryp 
A2-*nt i plas 
A-thro»bIII 
Bspsr In Co I I 

Clinhlbitor 



PAI-1 

Antl trypsin 
PAI-2 

A* chy»o t ryp 
A2-»ntipl*» 
A-thrombill 
Hspar incol I 
Clinhlbitor 



PAI-1 

Antitrypsin 
PAI-2 

A-chymo t ryp 
A2-«ntipl*» 
A-throabHI 
HsptrlnColl 

Clinhlbitor 



PAI-1 

Antl trypsin 
PAI-2 

A-chy»otryp 
A2-antipl«s 
A-throabXIZ 
BspsrlnCoII 

clinhlbitor 



PAI-1 

Antitrypsin 
PAI-2 

A-chy»ot ryp 
A2-«ntlpl*» 
A- thrombi I I 
BspsrlnCoil 

Clinhlbitor 

PAI-1 

Antitrypsin 
PAI-2 

A-chy»otryp 
A2-«ntiplss 
A-thcomblii 
RspsrlnCoXl 
Clinhlbitor 



PEGSVDGDTR 
DLI . . KDPDfi 
EPL5. .GLPE 
DVIPSEAINE 
DALE. .NIDP 
RLLD. . SLP5 

200 

PKMAG/THXPN 
PHKKRLGHFN 



YLRSKLNXGY 
PKH5LHHLTI 
EHHQJUtTYPL 
SKRYOEGRPR 
5HM0TRGNPL 
NJtNSKXYPVA 

250 

SALTNILSAG 
OHLENELTHD 

ESEITYDRLN 
EEVEAKLLPI 
KV5QVLAMLS 
SLAXVEKELT 
XTLEAQLTPR 
EDKEQALBP8 

300 
HTDHFRQ . . . 
ITEVFSH. . . 

APN X . . . GRA 
IEEAPT3. . . 
LQELPOA... 
LVDLPf PEKI 

I RULED 

f POPS YD... 



LTRLVLVNAL 
DTVf ALVNYI 

KVLVHAVYFX 
QTMHVLVNYI 
DTVLLLLHAI 
LTVLVLVNTI 
ATOIUtXLNCI 
DTRLVLLNAI 



YTEPTTPDGH 
XO/BC.KXLSS 

IEDLEAQ. . . 
PYPRDEELSC 
RWPLLEOPEI 
YM . . VAECT 
AANDOELOCD 
BPIDO/TLRAK 



LI8BWXGNMT 
I ITXFLENED 

XWTSEDEKAX 
TLEJt1TRD8LE 
WDTLHPPLVW 
PBVLOEWLDS 
WXXWQEIKT 
VPKAIRXKLE 



FOADFTflLSD 
. GAOL JGVTE 

NPSGH5ERND 
. XADL8GITG 
. . PDLRGX3E 
XLPGIVAXGR 
.EMGNHAGIS 
, . LNLCGLTE 



YPNGQWXTPP 

ppkgewerpf 
gxwxtpfexi 

PFXAKWEHPF 
BFOGPITRNKP 
YPEGLWX8XF 
YPKG8WVNKF 
YL5AKWXTTP 



YYDILXLPYB 
¥. . VLLHKYL 

ILELPYAGDV 
. . TWELKYT 
. . QVABPPPE 
. . QVLELPPK 
. . > ILQLEYV 
. VGGLOL . . 5 



. .RLPRLLVL 
. . RRftAXLBL 

DEVEVYIPOP 
F .REZGELYL 
. . ERPTEVRL 
LEEAJtLWB* 
. .KETXEVLL 
K8EFQPTLLT 



QEPLEVAQAL 
CAFLELSKAV 

LPLSEVpRQA 
AJUfLAVSOW 
Q.BLW8CV0 
D . DL YVSDAP 
DQBIAIDLPB 
DPDLQV8AH0. 



PD3STHRRLF 
EVKDTEEEDP 

100 

LNGLYPPRVN 
DPQDTB08RF 
DPSLTQRD8F 
3PENTREELF 
PVEHTBNBKP 
DPKXTRJ1EPP 



GDTLSHFIAA 
GNANAZPPLP 

250 
SHFLLLP DC I 
GNASALP I LP 
KKB8PWLVP 
GDDITKVLIL 
GGI8HLI VVP 
BNL5LVI LVP 



PKF3LETEVD 
PSL8ITGTYD 

XLEEBYELR. 

PXP8I3RDYN 

PXLYLXJIOftO 

PXPRICDOP8 

PKFKLEKNYN 

LPRIXVTT3Q 



HXSDG3TVSV 
BVDQVTTVXV 

SAQRTPVOHR 
YLSXKKWVnV 
BLDEQPTVPV 
YKADGESCSA 
RLMEREWEV 
BPRNSVIKVP 



PYEKE. . VPL 
DIGE L 

ADV3TGLELL 

DQDE M 

TH PEW 

PE PEE 

BKH • • . . SGR 
QNLX . . . BRL 



LR . KPLENLC 

LX . SVLGOXG 
00 

SILR3HGHED 

LN . DILLQLG 
LV.ATLSQLG 
LX . EQLO/DRG 
LV.E8LKLRG 
DHL8IHEXLE 



GKVXXBVNX8 
■EAVXTIDEX 

RVDVNBEGTE 
BXW8DVPEE 
BQ8TLEL8EV 
XXAFLEVWEK 
BOOTXtVNII 
BQTVLELTET 



GTVAS8ST. 
GTEAAGAJ1 . 

350 
AAAGTGGV. 
GTEAJAAT. 



GTOATTVT . 
GVSAAAAS. 



350 



AVIVBAJWAP EE HMD RPPLPWRBM PTGTVLFMGO VKEP. 

PLEAZPH8IP PE VXPN XPFVFLHIEQ MTKSPLPMGE WWrOx! 



. . . RTGRTGB GGPQ . . PVAD 
AVXXTLL3AL VBTRTIVRPN 

• 3IAH8RRSL 81 P8VN 

AWIAGR8LN PKRVT.PXAH 
TVGPRPL3TQ VR PTVD 

. AI8VAXTLL V PEVQ 



BPFLPLIHBX 
RPPLHXXVPT 
RPPLPPIPED 
RPPLVPIREV 
RPPLPLZYEB 
OPPLFVLWDQ 



ZTKCZLPPGR PCSP 

DTQNIPPK8X VTNP.SRPRA 
TTGLPLPVOi VRNPNP5APA 
PLHTZZPHGR VAMPCVK. . . 
RTSCLLPMGR VAHP5R5 . . . 
OBXPPVFHGR VYDPRA 



CIEOWG80 

ELEEQODBPG NKDPLQSLEG PPRGDELPGP DLKLVTPKEX DYPQPCSPK 
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Figure_3 
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OESAFIB ( M g/ml) 
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Active PAM (fmol) 
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Figure 6 
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Figure 7 
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Hind III 
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